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A system of beams , columns , and shear wali of a typical bay in a 
residentia] building is shown in Fig 2 The shear wall resists all lateral 
loads acting on the building 0 f " 
The system has the following characteristics tu 2490 "i Um 
1) beams cross sections are 25 x 50 cm 1 
2) Exterior columns sections are 30 x 60 ( as shown in Fig 2) ۳ > VD ilini 4 
3) Slaps thickness 10cm 
4) Typical floor height (C L.toC. L.of slabs) is 3.0m. 1 
S) Ground floor height / C I toC L of slabs)is 70m 4 
6) Beams factorized load ts 4 t/m | 
Calculate tne required area of reinforcement such that the ground 
exterior column would support a factorized load of 145 tons 


ه ه section‏ >- سح 


N Solution . 
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| ت ; ے 
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«Inr Lower Column 
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MLower y, 11 M, = 2.07 mt 


Monger T | 
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Jo 
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e Definition 5 


. Eccentric sections 


Bending Moment Ma accomponited by Axia) force R, 


are those Sections subjected Te 


. The axial force may be tension or Compresion ree. 


` 


‘ Eccentricity E 


e= Mu 

Pu 

Ex: Case of small Fecentricity (Compression Axia| force) 
oa? Ue 


-一 一 -一 一 一‏ د 
Seni‏ = 


ellere to find äech. Sections 1 
i- Lens Columns | 


A. Short Columns ` Subjected to Moment 
7 Such e Exterior X Corner Columns in JA ETA am 


İs Rigid Frames 


IM 0 
V Ecc. section 
۱ 


din c Bride Columns 


© Eccentric Compression tare. ( Rec. circ. Sechon). 


To solve a Section subjected to ecæntric uri 
force a there ae ho Methods :- 
¡- Analy tical Method 


Trio Method depend: on the first principità 


1. Interaction Diagram 


| 
| 
| 
( Strain Distribution X Shrew Distribution). 
Mis 16 « design chit that vil be gerer TES 
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«Interaction Diagram " 


«Definition . 
Te interaction diagram for a certain Section 
کا‎ a graph which ques He Combinations of max. momtat 0 
à max. Compression force Pu det cam resisted by 
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In other words ¡nlerachion diagram gives an Ge anch number” 
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Sen hor call poss; 
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Ture Aria! 


— Interackion Diagram 


e-o.o 


K` Notes about Interaction de 
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on the graph. 
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٠ Point @ 
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« Hint © ; 2 
Tension failure د‎ LH 65 < ررك‎ 
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. Moder of Laure under Interaction Diagram 5 


Q Balanced Zailure 


Balanced failure octurs when the balanced Lead is applied 
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Zones of the interaction diagram 
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Monu dimensional Interaction Diagram F k. Eb) 
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-HoS fo Use Interaction Diagram for Design 7 
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HW Assignment 
RC Columns 


Problem 1 

The figure below shows a framing plan for a six-story, 23x15 m? office building at ground floor level. 
The gravity structural system comprises a flat slab with marginal beams, supported by rectangular 
columns while the lateral load resisting system is composed of structural walls that are continuous 
with the same cross section throughout the building height. Beam, column and wall IDs and 
dimensions are shown on plan. Columns and walls can be assumed concentric with axes unless 
otherwise indicated. Core wall thickness is 300 mm. Slab thickness is 150 mm. Foundation thickness 
is 800 mm. Building height above foundation level is 20 meters while ground floor height is 6.2 
meters. Column Cl, C2 and C3 ultimate loads, excluding self-weight, are 2000 kN, 1500 kN, and 
1200 kN. Other column and wall loads, excluding self-weight are shown in the table below. Beam 1 
ultimate load is 80 kN/m while that of B2 is 65 kN/m, including self-weight. Beams 83, B4, 5 
ultimate load is 65 kN/m, including self-weight. Column C1 is restrained with a wall beam 
(250x500mm) at mid-floor height. 


It is required to perform a comprehensive structural design of columns 61, C2 and C3 considering all 
possible straining actions. You can ignore flat slab moment on C2. Show all calculation steps and 
checks. Submit a professional construction drawing on A3 paper for the columns and axes and 
column cross sections (column schedule) with full detailing and structural notes to an appropriate 
scale. Drawings weigh 25% of the grade. 


Material properties: feu = 40 MPa, f,= 400 MPa. 


Column | Column 
ID Load (kN) 

C4 1900 
05 1900 
C6 850.0 
C7 2000 
C8 1800 
C9 1600 
C10 1850 
C11 1850 
C12 1750 
WI 5200 
W2 5200 
W3 4500 
WA 4500 
W5 2800 
W6 2800 


5000 


4000 


5000 


4000 


5000 


C2 (250x350) C4 (250x500) C5 (250x500) C6 (250x350) 


B3 (150x650) 


C1 (250x???) 


B4 (150x600) 
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W2 (250x5000) 
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١ C3 (250x300) 


5000 mm | 5000 mm 0 5000 mm 


Problem 2 
Determine using design charts, the ultimate design compression load of the short square tied column 
whose cross section is shown, for: 


1. ex500 mm, ey=200 mm 
2. ex750 mm, ey=1500 mm 


- Material properties: fru = 35 MPa fy= 360 MPa. Reinforcement is 8 Dia. 25 mm 
- Concrete cover to reinforcement centroid is 50 mm. 


500 mm 


Problem 3 
Determine the axial load capacity, considering second order effect, of a hollow-section circular 
spirally reinforced concrete column having the following design information: 


- Column outside diameter is 1000 mm. 

- Column inside diameter is 500 mm. 

- Column perimeter longitudinal reinforcement is 8 dia. 25 mm 

- Column hollow-perimeter longitudinal reinforcement is 8 dia.12 mm 
- Outer spiral is dia. 10 mm at a pitch of 50 mm. 

- Inner spiral is dia. 10 mm at a pitch of 60 mm. 

- Unsupported column length is 5 m. 

- End conditions give k-2. 

- Analytical moment eccentricity is 0.2 

- Material properties: feu = 30 MPa fy= 400 MPa, fysp= 240 MPa. 


Problem 4 


The figure shows an elevated RC water tank supported on a circular spiral column AB. The column is 
800 mm diameter. Lateral sway at the top of the column is possible while end rotation is not. Design 
lateral loads on tank side can be assumed 6 kN/m along the height of the tank CD. Design vertical 
loads at point B of the column can be assumed 1400 kN. 

Material properties: f., = 30 MPa, f,= 400 MPa 


It is required to: 

-Design a suitable longitudinal and spiral reinforcement for the column AB according to the ECP 203- 
2007 provisions. 

-Determine what the maximum possible height is for column AB permitted for stability consideration. 
-Sketch the stress strain curve (or axial load-deformation curve) of the column under the effect of 
variable choices of the spiral pitch. 


6 kN/m 


Problem 5 


The figure below shows a part of a multi-story office building representing the exterior bay of the 
ground and first floors. Slabs are not shown for simplicity. Ground floor column can be assumed fixed 
to the foundation. The ground floor column is 6.2 meters high, while the first and subsequent floor 
heights are 3.0 meters. For architectural constraints, an unusual sudden cutoff of the column C1 cross 
section from 250x800 mm at the ground floor (labeled C1-G) to 250x500 mm at the first floor 
(labeled C1-F), which has some eccentricity design implications. The ultimate load exerted by the 
entire building above the ground floor is 5000 kN as shown, excluding the ground floor slab loads 
exerted by BI, B2 and B3 and the self-weight of ground floor column C1-G. The ground floor beam 
Bl uniform ultimate load is 30 kN/m and its span is 8.4 meters. You can ignore the reaction exerted 
from B2 and the wall beam B3 on Column C1-G but you should include the self-weight of the column. 
You are required to carry out a full structural design of ground floor Column C1-G. 

Material properties: feu = 30 MPa, f,= 400 MPa. 


B4 (250x750) | 


B1 (250x750) 


Problem 6 
Determine the axial load capacity, considering second order effect, of a hollow-section circular 
spirally reinforced concrete column having the following design information: 


- Column outside diameter is 1000 mm. 

- Column inside diameter is 500 mm. 

- Column perimeter longitudinal reinforcement is 8 dia. 25 mm 

- Column hollow-perimeter longitudinal reinforcement is 8 dia.12 mm 
- Outer spiral is dia. 10 mm at a pitch of 50 mm. 

- Inner spiral is dia. 10 mm at a pitch of 60 mm. 

- Unsupported column length is 5 m. 

- End conditions give k=2. 

- Analytical moment eccentricity is 0.2 

- Material properties: feu = 30 MPa f,= 400 MPa, fysp = 240 MPa. 


Problem 7 

The shown plan view represents a part of a two-lane, two-direction Highway Bridge. The traffic 
directions are shown on the plan. The elevation view shows a typical bridge supporting column 
(400x1000 mm) connected to the bridge main girder G (400x1200/1000 mm). Bridge central and edge 
longitudinal floor beams 81 dimensions in millimeters are as shown. Slab thickness is 200 mm. The 
live load due to traffic is 6 kN/m?. Flooring can be assumed 0.10 kN/m?. One critical load case for 
column design is loading one direction with traffic due to traffic jam while the other direction bears 
no traffic. A north-south wind load is applied as shown. During that same load case, the expected 
braking force due to vehicle sudden braking exerts a longitudinal central horizontal force of 50 kN on 
the column in the East-West direction at the top slab level. This braking force exerts an out-of-plane 
moment of 300 kN.m in double curvature. 


You are required to design the shown column for the critical load case mentioned above and give full 
reinforcement details in cross section. Material properties: feu = 30 MPa, fy = 400 MPa. 


8.2m 


HW Assignment 
Eccentric Sections 


Problem 1 (60 points) 
The shown rectangular column cross section with 250x700 mm dimensions is to be designed according 
to the ECP203 under the effect of each of the following load combinations. 


1) An ultimate bending moment of M,= 400 kN.m. and an axial compression force of 500 kN. 
2) An ultimate bending moment of M,= 100 kN.m. and an axial compression force of 900 kN. 
3) An ultimate bending moment of M,= 400 kN.m. and an axial tension force of 500 kN. 
4) An ultimate bending moment of M,» 100 kN.m. and an axial tension force of 900 kN. 


For the design you develop in 1) and 2), determine the balanced axial loads. feu = 300MPafy- 400MPa. 


Problem 2 (20 points) 

For the shown RC beam cross section whose applied ultimate moment is 320 kN.m, it is required to 
calculate according to the ECP203 the maximum axial compression load and tension load that can be 
applied to the section. All code required checks must be performed. feu = 30 MPa fy- 400 MPa. 


7 0.70 m 


As = 4dia.25 mm 


i 0.25m | 
p» 


Problem 3 (20 points) 

A rectangular column cross section of 500x500 mm dimensions and whose height is 6000 mm is 
supporting a water tank whose ultimate full weight is 2500 kN. The bottom of the column is fixed into 
the foundation while the top of the column can be considered partially fixed due to the rotation restraint 
provided by the very large weight of the tank. The column is subjected to an analytical ultimate moment 
600 kN.m at the base and a 200 kN.m at the top in single curvature. Design the column section. feu = 30 
MPa fy- 400 MPa. 


